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对 PDAC 的代谢重构的理解，进一步为胰腺癌的临床诊断提供可靠的实验数据。 
本论文第一部分，在裸鼠皮下和胰腺组织分别植入 Panc-1 和 BxPC-3 细胞株
建立相应的皮下植瘤（SX）和原位植瘤（OX）模型，收集肿瘤组织和血清样品
以 1H NMR 技术进行检测，然后对其进行单变量和多变量统计分析。结果表明，
两种模型之间血清没有明显的代谢组学差异，但肿瘤组织却呈现明显的明显的植




性，可能更有利于模拟 PDAC 患者的病程发展，是 PDAC 动物模型的较优选择。 
本论文第二部分，利用 HR-MAS NMR 技术检测 PDAC 患者和大鼠模型的胰
腺组织和相应对照组，结合单变量和多变量统计方法比较胰腺癌患者和动物模型





人和大鼠 PDAC 引起的常见和歧视性代谢改变不仅增强了对 PDAC 的代谢重构


















Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal carcinomas 
with a difficult early diagnosis. In vivo magnetic resonance spectroscopy (MRS) has 
been recommended for diagnosis of brain, prostate and breast cancers by the 
European Cancer Congress (ECCO). However, it is not feasible and favorable for the 
clinical diagnosis of PDAC due to its low sensitivity and insufficient resolution. As an 
in vitro alternative technique of MRS, high resolution magic angle rotation (HR-MAS) 
NMR will offer good resolution and sensitivity, and it will help MRS to be the 
promising clinical diagnosis technique of PDAC. This study aimed to the mechanistic 
and diagnostic studies of PDAC by comparing the metabonomic variations between 
PDAC patients and animal models by using HR-MAS NMR-based techniques. 
In the first part, subcutaneous xenograft (SX) and orthotopic xenograft (OX) 
models of PDAC were established by implanting Panc-1 and BxPC-3 cell strains 
under skin and on the pancreas of mice, respectively. The tumor tissue and serum 
samples were collected for 
1
H NMR spectroscopy followed by univariate and 
multivariate statistical analyses. As results, no obvious metabonomic difference was 
demonstrated in serum between the two models, however, the model- and cell 
strain-specific metabonomic differences were observed in tumor tissues. According to 
the KEGG analysis, ABC transporters, glycerophospholipid metabolism, purine 
metabolism and central carbon metabolism were identified to be the most significant 
components involved in metabonomic differences. In general, subcutaneous 
transplantation displayed its inherent limitations though it offered a simple, 
inexpensive, reproducible and quantifiable advantage. And orthotopic transplantation 
may be favorable to simulate PDAC in patients due to its similar pathogenesis to 
human pancreatic cancer. 
In the second part, the pancreatic tissues from PDAC patients and rat models and 
the corresponding normal pancreas tissues were detected with HR-MAS NMR 















characteristic metabolites were identified from PDAC patients and rats. Nine of them 
were shared by the patients and PDAC rats, and the other 18 metabolites were 
invovled in human PDAC or animal PDAC, respectively. Among them, 
glycerophosphocholine, myo-inositol, taurine, phosphocholine and aspartate mostly 
contributed to metabonomic alteration of PDAC, which could be regarded as the 
potential biomarkers of early diagnosis of PDAC. Besides the cancer-related 
pathways were identified both from human and animal PDAC tissues, some human- 
or animal-specific biochemical pathways were also identified. This study not only 
enhanced the understanding of metabolic reprogramming of PDAC but also facilitated 
the intercommunication of results from different PDAC metabonomic researches, and 
further provided the basic data served to the posssible clinical diagnosis of PDAC. 
 















































[7]。然而，只有不到 20%的 PDAC 患者是手术的候选者，这是因为胰腺癌通常早
期诊断困难，等确诊时癌细胞已经扩散到身体的其它部分，并且这些晚期肿瘤患
者对当前的治疗方式具有抗性[8]。尽管近期联合化疗和放射治疗患者选择策略的
改进改善了晚期 PDAC 病患的疗效，但总体 5 年生存率不超过 8%。总体上看来，
未接受治疗的胰腺癌患者的生存期约为 4 个月，接受旁路手术治疗的病人生存期

































19-9 和癌胚抗原（CEA）[14]的组合虽然降低了 37%的敏感性，但与单纯 CA19-9
相比，特异性增加到 84%[15]。最近的一项研究表明，CA125，CA19-9 和层粘连
蛋白 γC（LAMC2）组成的血清蛋白生物标志物组合相比单独 CA19-9 来说可以
显著提高诊断胰腺癌的能力（胰腺癌对良性肿瘤，p <0.005；早期胰腺癌对良性
病变，p <0.05；早期胰腺癌对慢性胰腺炎，p <0.05）[16]。 CA19-9 和 CA125 结
合对于诊断临床前胰腺癌具有非常好的敏感性，血清 CA19-9 虽然具有 95%的临
床前胰腺癌诊断特异性，但其敏感性在 1 年内仅为 68%，2 年内为仅 53%。CA19-9
和 CA125 的组合提高了诊断敏感性，在只利用 CA19-9 诊断出的阴性病例中约

























和转移性病变的诊断。以下 CT 检查有助于胰腺癌的诊断：低血压（敏感性 75%，
特异性 84%）；导管扩张（敏感性 50%，特异性 78%）；导管中断（敏感性 45%，
特异性 82％）；远端胰腺萎缩（敏感性 45%，特异性 96%）；胰腺异常（敏感性
15%，特异性 92%）；胆总管扩张（敏感性 5%，特异性 92%）。MDCT 诊断胰腺




根据荟萃分析所得出结论，基于 PET 和 CT 的高灵敏度和内镜超声检查的高特异








另一项研究表明，将 DWI 结合常规 MRI 并不能有效提高胰腺癌与慢性胰腺炎的



































测，微小 RNA 分析和化学敏感性测试[41-43]。 
1.1.4 胰腺癌的研究现状及未来发展 
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